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^ (57) Abstract: A multilayer engine bearing (10) includes a steel backing (12) having a liner (18) of beariiig metal of either copper- 
^ Iead or aluminum alloys formed on the backing (12) to define a base lining member (20) of the bearing (10). A multilayer overplate 
(22, 122) is formed on the base lining member (20, 120) and includes multiple lead-free soft layers (24, 124) separated by lead-free 
Q hard layers (26, 126). The relative thicknesses of the overplate layers may be controlled to provide a macro hardness gradient across 
^ the thickness of the overplate (122) such that, for example, the overplate ( 1 22) may be softer near its top region (130) as compared 
^ to its bottom region (132). 
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SLIDING BEARING HAVING MULTILAYER LEAD -FREE 
OVERPLATE AND METHOD OF MANUFACTURE 
BACKGROUND OF THE INVENTION 

5 1. Technical Field 

This invention relates to multilayer sliding 
bearings of the type having a metal backing, a liner of 
bearing metal and a relatively soft metallic overlay. 

10 2. Related Prior Art 

Multilayer sliding bearings are typically used 
in high- load engine applications for journaling the 
crankshaft, connecting rods, and the like and include a 
rigid metal backing of steel on which a lining of bearing 
15 metal of either copper- lead or aluminum alloy is applied, 
over which a running layer of a relatively softer metal 
is overplated usually in the form of a single layer of 
lead- tin-copper alloy having a thickness of about 25 /mi. 
A nickel diffusion barrier or copper bonding layer is 
20 often interposed between the lining and overplate to 

prevent the tin of the overplate from diffusing into the 
bearing liner. As a final step, the bearing is typically 
coated with a micro- thin layer of tin or lead- tin flash 
plating, giving the bearing a bright, aesthetically 
25 pleasing appearance and providing a level of corrosion 
protection. 

The flash plating present on the concave 
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running surface of the bearing is quickly dissipated 
during the initial engine break- in period. 

In service, such multilayer sliding bearings 
are subjected to high dynamic loading that varies in 
5 magnitude and direction due to the inertial loads applied 
by the piston and connecting rod mechanism and by the 
cylinder gas. The soft overplate layer enables the 
bearing surface to continually change and conform under 
high load forces to any misalignments or changes in 

10 profile or loading of the member being journaled, so that 
the loads are distributed across a greater surface area 
of the bearing. In addition to its conf ormability, the 
overplate also has the characteristic of embedibility, 
which enables the overplate to embed any foreign hard 

15 particles of dirt and/or metal that may come between the 
bearing surface and the member being journaled to protect 
the bearing and member from excessive wear or damage. 

It is generally accepted that conf ormability 
and embedibility characteristics are dependent on 

20 overplate thickness, with a thicker overplate being 

preferred (i.e., on the order of 25 /zm or more) . It is 
also generally known that as the thickness of the 
overplate increases, so does the susceptibility of the 
overplate to fatigue in which the overplate surface 

25 fractures under load. Resistance to fatigue cracking 
requires that the bearing surface exhibit sufficient 
tensile strength to enable it to undergo minor 
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configuration changes without cracking. Thus, it is 
necessary to balance the competing properties of 
conformability and embedibility with fatigue resistance 
when designing an engine bearing, particularly one that 
5 is subjected to high dynamic loading. 

For many high load engine applications, a 25 p 
overplate of lead- tin-copper has been found to exhibit 
good conformability and embedibility while possessing 
good fatigue resistance. However, as the output and 
10 efficiency of engines continually increases, so does the 
dynamic loads placed on the crank shaft and connecting 
rod bearings, increasing the potential for a bearing 
fatigue, while greater fatigue resistance can be 
achieved by simply decreasing the thickness of the 
15 conventional single layer lead-tin-copper overplate to 
load the 25 /zm thickness, it is at the cost of the 
conformability and embedibility characteristics. 

In addition to the demands on bearings due to 
increased loading, it is environmentally advantageous to 
20 reduce or eliminate when possible the use of heavy 

metals, and particularly lead in sliding bearings. U.S. 
Patent 5,056,936 discloses a sliding bearing having a 
multilayer overplate construction that employs 
conventional lead- containing alloys, namely lead-tin- 
25 copper as one of the layer materials. 

Thus, there exists the need in the industry for 
an improved multilayer sliding bearing that can operate 
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under extreme high dynamic loading conditions while 
exhibiting good fatigue resistance as well as good 
conformability and embedibility characteristics without 
the usage of lead- containing alloys in the overplate. 

SUMMARY OF THE INVENTION 

According to the invention, a multilayer 
sliding bearing is provided comprising a base lining 
member having a rigid metal backing and a lining of 
bearing metal formed on the backing, and is characterized 
by a lead-free multilayer overplate comprising a 
plurality of alternating soft and hard micro-thin 
overplate layers of lead- free metal materials 
electroplated onto the base lining member. 

The overplate preferably has an overall 
thickness in the range of about 10-20 /im, and the 
individual layers each have a thickness equal to at least 
half or less of the overall thickness of the overplate. 

The multilayer overplate of the invention has 
the advantage of providing a composite overplate for a 
sliding bearing having good fatigue resistance as well as 
good conformability and embedibility characteristics 
using lead-free metal layers. By controlling the 
selection of material and the relative thicknesses of the 
multiple layers of the lead- free overplate, the invention 
enables a controlled hardness gradient to be developed in 
the overplate, which further enhances the above 



WO 01/38748 PCT/US00/41811 

-5- 

properties. According to a particular embodiment of the 
invention, the alternating soft and hard layers have 
varying relative thicknesses such that the overall micro 
hardness of the overplate is softer adjacent the top 
5 running surface of the overplate and is harder near the 
bottom of the overplate adjacent the bearing liner. 

The use of lead- free materials further has the 
advantage of eliminating from the overplate the presence 
of heavy metals, and in particularly lead, which is 
10 beneficial from a manufacturing, use and reclamation 
stand point. 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages and features of the 
invention will be readily appreciated as the same becomes 
better understood by reference to the following detailed 
description and drawings, wherein: 

Figure 1 is a perspective view of a multilayer 
bearing constructed according to the invention; 

Figure 2 is a fragmentary cross-sectional view 
taken generally along lines 2-2 of Figure 1; and 

Figure 3 is a view like Figure 2, but of an 
alternative embodiment of the invention. 



25 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
A multilayer sliding bearing constructed 
according to the invention is generally shown at 10 i] 
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Figure 1 and is of the type having a generally semi- 
circular configuration commonly known in the art as half 
bearings, plain bearings, sliding bearings, journal 
bearings, engine bearings, and the like having a rigid 
5 metal backing 12 fabricated preferably of steel formed to 
a semi -circular strip configuration having a concave 
inner surface 14 and a convex outer surface 16. The 
convex outer surface 16 is adapted for seating in a 
mating concave support structure, such as an engine block 
10 or connecting rod, for journaled support of a rotating 
shaft, such as a crank shaft of an internal combustion 
engine. The term multilayer bearing is understood to 
include within its scope multilayer bushings. 

A liner of metallic bearing metal 18 is formed 
15 on the concave surface 14 of the backing 12 and may be 
fabricated of conventional materials including copper- 
lead or aluminum alloys which may be cast or otherwise 
formed- on the inner surface 14 according to known 
practice. The backing 12 and liner 18 collectively 
20 provide a base lining member 20 which forms the 

foundation for the bearing 10. The liner 20 may also 
include a thin barrier or bonding layer 21 (i.e. about l- 
2 /zm thick) of either nickel or copper which may be 
electroplated onto the liner 18 according to conventional 
25 practice to serve as a migration barrier or as a bonding 
layer for the overplate to be described below. 

The construction described thus far with 
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respect to the base lining member 20 is conventional. 
Where the invention departs from conventional practice is 
that following the fabrication of the base lining member 
20, a multilayer overplate 22 is formed on the base 
5 lining member 20 from a plurality of alternating layers 
of soft and hard lead- free metal, the overplate being 
shown generally at 22 in Figure 1 and the alternating 
soft and hard layers that make up the overplate 22 being 
shown in detail in the enlarged sectional view of Figure 
10 2 at 24 and 26, respectively. There are at least three 
such layers and the thickness of each is about half or 
less of the overall thickness of the overplate, which 
preferably is in the range of about 10-20 /zm. 

The lead-free material for the soft layers 24 
15 preferably comprises tin or soft lead- free 10 alloys 

thereof. The material for the lead-free hard layers 26 
may comprise at least one material selected from the 
group of materials of nickel, copper, tin-nickel alloy, 
cobalt, or iron as well as lead- free alloys thereof. 
20 The soft and hard layers 24, 26 are applied to 

the liner 18 by electrodeposition. As illustrated in 
Figure 2, an initial soft layer 24 is applied to the 
liner 18 in a first electrodeposition bath. In a 
separate plating bath, a subsequent hard layer 2 6 is 
25 applied to the initial soft layer 24 and the process 

repeated to develop the desired number and arrangement of 
the alternating soft and hard layers 24, 2 6 to the 
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desired thickness of the overplate 22. In the Figure 2 
embodiment, the lead-free soft and hard layers 24/ 26 
each have a thickness of about 1 /an and the overplate 22 
has an overall thickness of about 15 fim. It will be 
5 appreciated that the overplate 22 in the Figure 2 

embodiment has an overall macro hardness that is uniform 
from top to bottom. In other words, the multiple layers 
collectively provide the overplate 22 with an overall 
macro hardness apart from the hardness of the individual 

10 layers that is the same in the top region or half of the 
overplate adjacent the working running surface 28 of the 
bearing as that of the hardness of the bottom region or 
half of the overplate 22 adjacent the liner 18 of the 
bearing 10. Thus, while the individual layers 24, 26 

15 that make up the overplate 22 may be relatively soft and 
hard and thus vary from layer to layer, the effect of the 
uniform thicknesses of the layers and their consistent 
relationship to the adjacent layers provides the 
overplate 22 with an overall uniform macro hardness that 

20 is about the same from top to bottom. 

Figure 2 shows an alternative embodiment of the 
invention wherein like reference numerals are used to 
indicate like features with respect to the embodiment of 
Figure 2, but are offset by 100. It will be seen from 

25 Figure 3 that the relative thicknesses of the soft and 

hard layers differ from those of the Figure 2 embodiment. 
In the Figure 3 embodiment, the hard layers 126 in the 
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bottom region 132 of the overplate 122 are relatively 
thicker than the hard layers 126 in the top region 130. 
The soft layers 124 disposed between the hard layers 126 
are of uniform thickness . The outermost soft layer 124 
5 (at the top of Figure 3) is preferably thicker than that 
of the soft layers 124 separating the hard layers 126. 
The effect of the varying thickness and arrangement of 
the layers 124, 126 is to provide the overplate 122 with 
a macro hardness gradient wherein the overplate 122 is 
10 relatively soft in the top region 130 and relatively hard 
in the bottom region 132, as opposed to the Figure 2 
embodiment in which the macro hardness of the overplate 
is uniform from top to bottom, in the illustrated 
embodiment of Figure 3, the outermost (top) soft layer 
15 124 has a thickness in the range of preferably 1-5 m and 
more preferably 3-5 m . The hard layers 126 in the top 
region 130 preferably have a thickness of about 1 M m and 
the hard layers 126 in the bottom region 132 preferably 
have a thickness of about 2 M m. The thicknesses of the 
20 soft layers 124 separating the hard layers 126 is 
preferably about 1-2 nm and preferably uniform in 
thickness among such soft layers 124. 

It will be appreciated that Figure 3 
illustrates one of several possibilities of controlling 
25 the relative thicknesses and arrangement of the soft and 
hard layers to develop a desired macro hardness gradient 
in the overplate 122 across its thickness. it will be 
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appreciated, of course, that other relative thicknesses 
and arrangements of the layers are possible and 
contemplated by the invention to develop the desired 
hardness gradient suitable for a particular application. 
5 For example, it may be desirable to vary the thicknesses 
of the soft layers 124 that separate the hard layers 126 
to provide a sharper gradient or perhaps as an 
alternative to developing the same gradient as that 
achieved by altering the thicknesses of the hard layers. 
10 Moveover, it may be desirable in some applications to 

invert the gradient such that the overplate is harder in 
the top region as compared to the bottom region or 
perhaps somewhere in the middle as may be called for by a 
given application. In such case, the relative 
15 thicknesses of the alternating soft and hard layers can 
be adjusted to achieve the desired gradient. 

According to a method of fabricating such 
multilayer bearings 10, 110 of the invention, the base 
lining members 20, 120 prepared according to conventional 
20 practice by bonding the metallic liner 18 to the inner- 
surface 14 of the backing 12 and then plating the liner 
18 with the barrier layer 21, 121 in preparation to 
receive the multilayer overplate 22. The overplate 22, 
122 is applied by electrodepositing the alternating soft 
25 and hard layers in different plating baths at a given 
current density and for a given time to achieve the 
appropriate thicknesses desired for a given application 
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to develop either a uniform hardness throughout the 

thickness of the overplate or a macro hardness gradient. 

In any case, the layers that make up the overplate 22, 

122 are free of lead. 
5 Obviously, many modifications and variations of 

the present invention are possible in light of the above 
teachings. It is, therefore, to be understood that 
within the scope of the appended claims, the invention 
may be practiced otherwise then as specifically 
10 described. 
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What is claimed is: 

1- A multilayer sliding bearing comprising: 

a base lining member including a rigid metal 
backing and a lining of bearing metal provided on said 
backing layer; and 

a lead-free multilayer overplate comprising. a 
plurality of alternating soft and hard micro-thin 
overplate layers of lead- free metal materials 
electroplated onto said base lining member each having a 
thickness of about half or less of said overall thickness 
of said overplate. 

2. The bearing of claim 1 wherein said lead- free 
soft material comprises tin and said lead- free hard 
material comprises at least one material selected from 
the group consisting of nickel, copper, tin-nickel, 
cobalt, iron, and lead-free alloys thereof. 

3. The bearing of claim 1 wherein said multilayer 
overplate has a top region adjacent a running surface of 
said bearing and a bottom region adjacent said liner, 
said multiple layers providing said overplate with an 
overall macro hardness gradient that increases in 
hardness from said top region to said bottom region such 
that the macro hardness of said top region is less than 
the macro hardness of said bottom region. 

4- The bearing of claim 3 wherein said layers of 

said hard material in said top region of said overplate 
are relatively thinner than said layers of said hard 
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raaterial in said lower region. 

5. The bearing of claim 4 wherein said overplate 

has an overall thickness in the range of about 10 to 20 
fim and said layers of said hard material in said top 
region has a thickness of about 1 /an and said layers of 
said hard material in said bottom region has a thickness 
of about 2 fim. 

6 - Th e bearing of claim 5 wherein the layers of 

said soft material interposed between said layers of said 
hard material in said top and bottom regions are of 
uniform thickness in the range of about l to 2 fim. 
1 - The bearing of claim 6 wherein said soft layers 

include an outer-most layer in said top region of said 
overplate having a thickness in the range of about 1 to 5 
/zm. 

8 • The bearing of claim 1 wherein said bearing 

metal of said liner comprises a material selected from 
the group consisting of copper-lead and aluminum alloys. 
9- A multilayer sliding bearing comprising: 

a base lining member including a rigid metal 
backing and a liner of bearing metal provided on said 
backing layer; and 

a lead-free multilayer overplate applied to 
said base lining member having a plurality of lead- free 
soft layers of tin-based material separated by one or 
more intervening lead- free hard layers of at least one 
material selected from the group of materials consisting 
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of nickel, copper, tin-nickel, cobalt, iron, and lead- 
free alloys thereof. 

10- The bearing of claim 9 wherein said overplate 

has an overall thickness of about 10 to 20 /zm and said 
alternating layers have thickness less than about 5 fim. 

11. The bearing of claim 9 wherein said overplate 
has a top region adjacent a runner surface of said 
bearing and a bottom region adjacent said liner, and said 
multiple overplate layers are arranged to provide a macro 
hardness gradient in said overplate such that top portion 
of said gradient is relatively softer than said bottom 
portion. 

12 . The bearing of claim 11 wherein hard layers in 
said bottom region are of relatively greater thickness 
than said hard layers in said top region. 

13. A method of fabricating a multilayer sliding 
bearing comprising: 

preparing a base lining member having a rigid 
metal backing and a liner of bearing metal applied to 
said backing; and 

electroplating a multiple layer lead- free overplate on 
the base lining member including electroplating from a 
first bath a soft layer and electroplating from at least 
a second bath a hard layer and alternating between the 
baths to develop the multilayer overplate with the 
alternating soft and hard layers. 
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